Carotid artery intima-media thickness (IMT) is a widely accepted index for assessing atherosclerosis, and is known to be a risk indicator for cardiovascular and cerebrovascular events. Oxidative stress and inflammation are also known to play critical roles in the pathogenesis of vascular events. We studied the association between IMT and inflammatory markers, such as oxidative stress in polymorphonuclear leukocytes (PMNs) and mononuclear cells (MNCs) in 156 patients with essential hypertension. Reactive oxygen species (ROS) formation by PMNs and MNCs was measured by gated flow cytometry. CRP and traditional risk factors, such as age, gender, body mass index, hemoglobin A 1c , and total cholesterol were also measured. The subjects were divided into a plaque group (max-IMTX1.1 mm, n ¼ 40), and a nonplaque group (max-IMTo1.1 mm, n ¼ 116). ROS formation by MNCs was significantly increased in the plaque group when compared with the nonplaque group (Po0.0001). Multiple regression analysis revealed a significant correlation between IMT and ROS formation by MNCs (r ¼ 0.407, Po0.0001), or CRP (r ¼ 0.216, P ¼ 0.0029) or hemoglobinA1c (r ¼ 0.158, P ¼ 0.0270) or age (r ¼ 0.157, P ¼ 0.0447). No significant correlation was observed between IMT and ROS formation by PMNs. These results suggest that carotid artery IMT may be affected by increased ROS formation by MNCs, and that increased ROS formation by MNCs may be related to the development of atherosclerosis. We propose that ROS formation by MNCs is a marker for prediction of carotid atherosclerosis.
Introduction
Carotid artery intima-media thickness (IMT) is the only noninvasive imaging test currently recommended by the American Heart Association for inclusion in the evaluation of vascular risk. 1 IMT is strongly predictive of cardiovascular disease 2 and has been shown to be an independent predictor of cardiovascular disease after adjustment for traditional risk factors. 3 However, the relationship between carotid artery IMT and oxidative stress, a known risk factor of atherosclerosis, 4 is not fully understood.
Inflammation has a key role in the pathogenesis of atherosclerosis. 5 Our group, along with the other groups, has recently found evidence for increased inflammation in some patients with essential hypertension. 6, 7 Evidence for increased inflammation includes increased levels of plasma C-reactive protein (CRP). 8 Reactive oxygen species (ROS) generation by circulating leukocytes is also considered to be a marker of inflammation, [9] [10] [11] because increased intracellular ROS formation by mononuclear cells (MNCs) can lead to increased expression of cell surface adhesion molecules. 12 Polymorphonuclear leukocytes (PMNs) are one of the main types of inflammatory cells. Once activated, PMNs release ROS, including hydrogen peroxide, contributing to endothelial damage and cardiovascular disease. 13, 14 MNCs are crucial in the genesis of atherosclerotic lesions. MNCs, when stimulated, have been shown to induce monocyteendothelial cell adhesion, which results in vascular disease. 15 The vascular endothelium is known to promote inflammation through the upregulation of adhesion molecules such as intercellular adhesion molecule-1, E-selectin, and P-selectin. 16 We have demonstrated the relationship between CRP and ROS formation by MNCs. 6 In the present study, we examined the relationship between the IMT and ROS formation by PMNs or MNCs in hypertensive patients.
Methods
The study protocol was approved by the Osaka City University Institutional Review Board, and written informed consent was obtained from all subjects. The study was a cross-sectional study of 156 hypertensive subjects (male: female ¼ 71:85) who visited Osaka City University Hospital. Subjects were included if they had not been treated for hypertension, or had discontinued antihypertensive agents with blood pressure (BP) X140/90 mm Hg, which was measured twice in sitting position. Except for hypertension, individuals enrolled in the study were determined to be otherwise healthy on the basis of their medical history, physical examination, and routine laboratory tests. None of the subjects were taking any medications, including nonsteroidal anti inflammatory drugs, vitamin E, or other antioxidants. Obesity was estimated by body mass index (BMI).
Venous blood samples were drawn after a fasting period of 12 h. Serum CRP was measured by a highly sensitive microparticle enzyme immunoassay. ROS formation by PMNs and MNCs was measured as described by Bass et al., 17 with some modifications. 18 Fresh blood (1 ml) from patients was preincubated for 15 min with 2 0 ,7 0 -carboxy dichlorofluorescein diacetate bis-acetoxymethyl ester (CDCFH diacetate bis-AM ester; 100 mM). CDCFH diacetate bis-AM ester is a nonpolar compound that is converted into a nonfluorescent polar derivative (CDCFH) by cellular esterases after incorporation into cells. CDCFH is membrane-impermeable and is rapidly oxidized to the highly fluorescent carboxydichlorofluorescein (CDCF) in the presence of intracellular ROS. ROS formation by PMNs and MNCs was measured as fluorescence intensity by gated flow cytometry (FACSCalibur, Becton Dickinson, NJ, USA). The coefficients of variation of the intra-and inter-assays were 6.6 and 10.2%, respectively. Details show in our previous publication. 6, [18] [19] [20] Carotid arteries were evaluated using a Nemiopremium compact (TOSHIBA Co., Tokyo, Japan) and a 7.5 MHz probe. After the subject had rested for at least 10 min in the supine position with the neck in slight hyperextension, we examined an optimal visualization of the common carotid artery (CCA), carotid bulb, and extracranial internal and external carotid arteries bilaterally. We used the data of the max-IMT and plaque, which is defined as the carotid max-IMTX1.1 mm. 21, 22 IMT was measured by one person to reduce the deviation in echography. The coefficient of variation of the IMT was 4.8%.
All values were expressed as mean7s.d. Po0.05 is considered to be statistically significant. Statistical analyses were performed using Statview 5.0 and JMP 4.0 (SAS Institute, Cary, NC, USA). Statistical analysis of the results for inter-group comparisons was performed by Student's t-test preceded by an F-test. CRP was expressed as a median (interquartile range) and P-values were computed with Mann-Whitney's U-test for intergroup comparisons at baseline. The relationship between IMT and relevant covariates was examined by determination of standardized correlation coefficients calculated by linear, multiple and stepwise regression analysis.
Results
Plaque and ROS formation by leukocytes All subjects were divided into a plaque group (max-IMTX1.1 mm, n ¼ 40) and a nonplaque group (max-IMT o1.1 mm, n ¼ 116). The mean thickness and s. Figure 1a) . The relationships between CRP and both groups are shown in Table 1 and in Figure 1c 
Discussion
In the present study, we have demonstrated for the first time that IMT is related to ROS formation by MNCs, but not to ROS formation by PMNs ( Figures  1, 2) . Although IMT is an epidemiologically but not clinically established surrogate maker for cardiovascular disease, IMT has been extensively studied as a potential tool for the prediction of cardiovascular and cerebrovascular events. 1 Oxidative stress is known to relate to stroke. 23 However, PMNs have not been clearly identified as contributing to brain damage. 24, 25 However, MNCs have been found in damaged brain tissues. 26 Our findings may explain the mechanism of the increased risk of cerebrovascular events associated with IMT, through an increase in oxidative stress in MNCs. We have recently demonstrated that ROS formation by MNCs is correlated to the left ventricular mass index (LVMI) in hypertensive patients 18 and ROS formation by MNCs are related to morning surge of blood pressure and/or extreme dip of blood pressure at night time. 27 However, the carotid artery plaques themselves are not direct causes of cardiovascular events such as ischemic heart disease; the carotid artery plaques are believed to be an indicator of damage to systemic blood vessels. Thus we postulated that ROS formation by MNCs may cause plaque in carotid artery in hypertensive patients, and therefore that ROS formation by MNCs might be an indicator for systemic vascular disease.
Our group showed evidence of increased inflammation in some patients with essential hypertension. 6 A recent prospective cohort study showed that elevated C-reactive protein levels in normotensive individuals are associated with an increased risk of developing hypertension. 7 Higher CRP is associated with higher IMT. 28, 29 In hypertensive patients managed by drug therapy or by lifestyle modification, CRP is an independent predictor of the progression of carotid atherosclerosis. 22 In our study of a hypertensive Japanese population, we found a correlation between IMT and CRP. CRP was also correlated to ROS formation by MNCs. We propose the hypotheses that hypertensive patients have a chronic inflammatory condition, and that intercellular oxidative stress in MNCs may act directly on the endothelium via monocyte-endothelial cell adhesion in atherosclerotic lesions. Thus ROS formation by MNCs will be a powerful marker for prediction of carotid atherosclerosis.
In conclusion, we found a significant relationship between ROS formation by MNCs and IMT. We also found that ROS formation by MNCs was more closely correlated with IMT than to ROS formation by PMNs. ROS formation by MNCs may be powerful tool as a screening marker for carotid atherosclerosis.
